ulcers and diabetes-related amputations; 8, 9 this patient population may be wheelchair bound and can experience limited access to table-mounted equipment during ocular screenings.
Spectral-domain optical coherence tomography (SD-OCT) has proven its role as a valid method in diagnosing visionthreatening diseases, 10 particularly the morphological changes seen in the retina secondary to retinal vein occlusion, DR, and macular edema. 11 However, most SD-OCT platforms are attached to a table, thereby limiting its potential widespread use in community eye screenings; especially for patients who have limited head and neck mobility, are in a permanent recumbent position or are noncompliant. Based on our experience throughout the past decade in performing community-based ocular screenings for the indigent population, 12, 13 we found that reliable follow-up is particularly difficult to achieve. It is therefore vital to have prompt access to easily mobile equipment capable of obtaining high-resolution imaging, to provide early diagnosis and appropriate management of vision threatening diseases.
Current tabletop (TT) SD-OCT platforms are not amenable for use in recumbent, chair-bound patients, as well as those in the ICU and the OR setting. Some of the current SD-OCT equipment is more compact and lighter in weight facilitating its use in the handheld (HH) position. Implementation of HH SD-OCT [14] [15] [16] technology may enhance the usability and applicability of this technology. However, to our knowledge, there have been no studies comparing the quality and feasibility of HH image acquisition to standard TT imaging.
In the following, we present results of a comparative, imaging study of TT versus HH SD-OCT technology during community eye screenings. The analysis focuses on intraclass correlation, scan quality index, and need for repeat imaging.
Methods
This cross-sectional, pilot-imaging study was approved by the Rutgers University Internal Review Board and fulfilled HIPAA compliance. The imaging was performed at telemedicine eye screenings in Newark, New Jersey, in 2013. The screening protocol was explained and consent was obtained from all subjects. The screening participants were assigned a morning or afternoon session, which in our experience improves cooperation. Inclusion criteria included age (18 years or older) and clear media (ie, cornea, lens, vitreous). Exclusion criteria included significant corneal opacification, dense cataract, or any other pathology precluding high quality posterior segment imaging.
A thorough description of our adult screening procedure has been previously published. 17 In brief, the screening team consisted of (1) senior medical students who guided participants in the completion of an intake form, (2) an imaging professional (BCS) who acquired nonmydriatic images using both HH and TT SD-OCT (Optovue iVue SD-OCT Wellness report; Optovue Corporation, Fremont, CA), and (3) an onsite medical director (ASK) who assessed the screening data, reviewed the images, counseled participants regarding the results and referred selected participants for follow-up examinations if necessary.
For the purpose of this study, only the left eye was included in this analysis. Based on the image quality scale of the SD-OCT machine, as well as subjective determination of image quality by the imaging professional, a repeat image was obtained when appropriate. The total number of required imaging attempts was recorded. All scans were processed in under 2 minutes using the Optovue iVue SD-OCT iWellness software (Optovue, Fremont, CA). The iWellness report is based on a single scan and provides the following data: (1) retinal thickness (central, superior, inferior, nasal, and temporal quadrants) and (2) ganglion cell complex thickness (GCT; total, superior, and inferior). A representative comparison of TT versus HH SD-OCT iWellness report is presented in Figure 1 .
Images were presented in a randomized order and quality was assessed independently by an ophthalmologist (ASK) and 2 ophthalmology residents (AMK, NVN). Unique to the Optovue software, is the device's ability to calculate the average of all scanned images and determine the best use for clinical evaluation on 0-100 scale. The instrument deems an image quality greater than 40 as sufficient for clinical evaluation. When more than 1 image was obtained per eye, the highest was used for statistical comparison.
Statistical analysis was performed using Microsoft Excel 12.2.7 (Microsoft Corporation, Redmond, WA) software. Data are presented as mean ± standard deviation (SD) unless otherwise noted. Paired t test and Pearson correlation coefficient tests were used where appropriate. A P value less than .05 was considered statistically significant.
Results
Twenty-one of 22 (95%) participants who presented to the screening session and met inclusion criteria were included in the study. Mean ± SD age was 35.8 ± 16.8 years; 57% were female; 71% were African American and 29% Caucasian. One subject was excluded due to significant media opacity and was advised to undergo a dilated eye examination by an eye care physician.
Based on the iWellness image processing report, a strong intraclass correlation coefficient (ICC) was observed for overall (.97), superior (.93), and inferior (.94) GCT and for central (.98), inferior (.90), superior (.92), nasal (.94), and temporal (.93) retinal thickness. There were no statistically significant differences in GCT or retinal thickness between HH and TT SD-OCT (Table 1 ). Mean number of imaging attempts was 2.5 per eye, with 8 (38%) requiring multiple attempts. Multiple attempts were required more frequently in HH versus TT SD-OCT (34% vs 5%, respectively; P < .001).
Mean scan quality index was adequate but lower in HH versus TT SD-OCT (62.8 vs 68.1, respectively; P < .0001) ( Table 2) . A strong Pearson correlation coefficient (r = .832) was observed for image quality scores for HH versus TT.
Discussion
For over 20 years, OCT technology has continued to revolutionize imaging acquisition and clinical diagnostics. With the advent of SD-OCT over a decade ago, imaging and resolving power of ocular structures have evolved considerably in their ability to identify ocular pathologies. 18 Its popularity among ocular professionals is primarily attributed to its ability to noninvasively investigate the eye and provide reproducible images necessary in the diagnosis of ocular pathologies such as DR. One of the most important factors in caring for those with diabetes is the premature detection of such manifestations. 5 Thus, the need for early evaluation of the possible pathological complications of diabetes is essential in providing immediate and preventative treatment. 19 The SD-OCT is a noninvasive, noncontact imaging system capable of generating high-resolution, ~5 micron optical cross sections of the retina and the optic nerve. 20 Through a single axial scan, the SD-OCT generates its information by assessing the frequency spectrum of the interference between the stationary reference mirror and the reflected light. 21 The repeatability of SD-OCT measurements overtime is important for correct interpretation for investigational and clinical use and its success has been proven over several studies. 22, 23 Current SD-OCT imaging modalities are readily applied to the ambulatory adult population. The size of the SD-OCT machines, along with the position and height of the chinrest, precludes its use in an immobile adult, suffering from diabetic complications. Thus, advancements in the design of SD-OCT are necessary to uphold its abilities in detecting ocular pathologies across the diverse patient population presenting with diabetes.
Through our study, we have determined a need for incorporating HH SD-OCT imaging devices for the handicapped population suffering from the manifestations of diabetes. The HH iVue SD-OCT was developed as a portable headpiece with a handle. By adding a laptop for ease of portability and a foot pedal that permits hands-free image acquisition in a nonambulatory patient, the iVue system was found to be a valuable tool in the handicapped and recumbent population during community eye screenings, surgeries, and office visits ( Figure 2 ). 24 By implementing the HH SD-OCT into everyday use, our goal was to improve the current, standard of care. HH SD-OCT technology possesses the ability to alter management of patients who are wheel-chair bound or have postural requirements that preclude other structural tests and expand eye screenings during which traditional TT SD-OCT imaging cannot be obtained. Despite statistically significantly lower mean scan quality and more frequent need for additional images to be obtained; clinically (as illustrated by GCT and macular thickness measurements) the HH SD-OCT positioning fared comparably to the TT SD-OCT setup. We therefore believe that the HH device is illustrative of some advancements for the future generations of this invaluable technology.
Conclusion
Diabetic patients have witnessed first-hand a benefit in the use of SD-OCT in measuring macular and central fovea thickness. [25] [26] [27] In our study, HH SD-OCT output was strongly correlated with TT SD-OCT. Although HH SD-OCT required multiple attempts more frequently and had slightly lower quality, the HH SD-OCT is a feasible and reliable option for patients with postural restrictions, for who the TT SD-OCT is not applicable. In utilizing its foot paddle for image capture, the HH SD-OCT provided quality images and proved conducive to community eye screenings requiring portability. The benefits of the HH SD-OCT were evident by its lightweight, portable, and user-friendly nature. Our results demonstrating the feasibility of HH SD-OCT as an alternative to TT SD-OCT warrants further investigation on the overall imaging data reliability, repeatability, and applicability to community screenings, tele-screening, use in the diabetic population, and other situations.
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